Electronics III
Sensors
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Sensor Defined.

A device that responds to a stimulus,
such as heat, light, or pressure, and
generates a signal that can be
measured or interpreted.
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Examples

MAF 02 SENSOR
ECT TR

CHT FRP

VSS DPFEGR
TCS CKP

TP CMP
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Types of sensors

Temperature sensor

Position sensor
On/Off position

Ground side switching
Power side switching
Magnetic pickup

sensor
Oxygen sensor

Frequency generator
Hall effect device
Hot wire sensor
Piezoelectric devices
Knock sensors

Piezoelectric pressure
Sensors

Optical sensors

SENSor

O0O0000

Ol
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VREF, Signal, Signal Return

“VREF” Reference voltage:

B 5.0 volts is created by the module and sent to
every sensor.

B The VREF is the used by the variable resistors in
the circuits.

Signal:

B The sensor conditioned signal which is returned
to the module as an input.

Signal Return:

B Signal return is an internal to the module ground
for some sensors.
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Voltage Dividing circuits

0 When resistors are
connected in series
across a voltage
source, the series
resistors serve as a
voltage divider circuit.

O Each resistor drops ?‘n
part of the applied
voltage, and the sum — L
of the series voltage =
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Voltage Dividing circuits

0 When resistors are
connected in series
across a voltage
source, the series
resistors serve as a
voltage divider circuit.

O Each resistor drops ?‘n
part of the applied
voltage, and the sum — L
of the series voltage =
drops equals source
voltage
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Temperature sensor
“Thermistor”

Used to monitor various
temperatures of
components, fluids, and air

Thermistor:

B A resistor that changes its
resistance with temperature
change.

Voltage dividing circuit
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Temperature sensor
“coefficient”

PTC:
B The higher the temperature the higher
the resistance of the sensor

NTC:

B The higher the temperature the lower
the resistance of the sensor
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Temperature sensor
IAT ECT

TEMPERATURE

22222222 —
12* 100 —
176" ar :
w wF
104" 40" :
68 20 :
v 2 B s
VOLTAGE READING (volts) AA4397-A
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Temperature sensor
“Cylinder Head Temp.”

[0 On applications that do not use
a ECT sensor, the CHT sensor is
used to determine the engine
coolant temperature.

[0 Cylinder head temps. exceed
normal ECT.

[0 To cover the entire temperature
range of both the CHT and ECT
sensors, the PCM has a dual

e " " switching resistor circuit on the

- CHT input.

0 NTC

TEMPERATURE

R EEEERLE B~

¥ s 28 g B2 a38B 5B
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ECT,IAT, TFT,CHT, AAT

The higher the
resistance the
higher the voltage

%?r?;lg:éture C ter ( PI D )

fg - L= The higher the

e resistance the
——= higher the voltage.
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On/Off Position Sensor

Used to monitor the position of a
component in one of two positions,
also relays the state of circuits.

GEM module monitoring front wiper
motor position.

Fuel injector circuit integrity. (INJF)
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Ground Side Switching

A ground side switch is
% connected in series
] @ with a limiting resistor.

CONTROL MODULE

Similar in operation to
temp. sensor, but there

IS no thermistor.
%" i Switch closed = Ov

Switch open

P
ol

= bv

CONTROL MODULE
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Power Side Switching

B+o—/\/—4

0 A power side switch is
connected in series
with a limiting resistor.

[0 Similar in operation to
- temp. sensor, but
there is no thermistor.

ey 0 Switch closed = 12v
s || [0 Switch open = Ov

SWITCH
LIMITING
RESISTOR

f

ov

VOLTMETER

CONTROL MODULE
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Term Review

Sensor Thermistor

Input PTC

VREF NTC

Signal Return CHT
Ground Side Switch
Power Side Switch
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Position sensor
“Potentiometer”

[0 An electronic device

which provides a
position input from
driver command or
module output.

[0 Can relay linear or
rotary position.

0 Voltage dividing
circuit.

[0 Uses:
m TP

m EVP

Potentiometer
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Position sensor
“Potentiometer”

The module monitors the voltage drop

sv on the signal and signal return circuits
Rgoon%\ T 5
4.55V 10€(! @
s : =

CONTROL MODULE

R, 10Q R, 100

A A
R, 1000 =< - i = Ry 1000 T 5
2.27V 539 @ 45V 100 @

POSITION € —é— POSITION c - ‘
SENSOR ¥

WOT

SENSOR

CONTROL MODULE

Part Throttle Closed Throttle

CONTROL MODULE
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CKT 351 = VREF
CKT 355 = Signal
CKT 359 = Signal Return

B-F-E-7-L£-B&L E 0 EH D

GE 23- — G - tizn timing, appl:
PAGE 23-1 FROM Cion  PAGE 234 fon releeiegfpf
PAGE 234
- - - 5138 e -
Converts a varying azo U oviRD SiE ey . = FhenTu'g:_l;inn ;
Exhaust Pressura verter LAich an
Signalinto a proportion- Sends signal to PCM to adjust EPC prassure.
al analog voltage signal timing to control engine knock.
usad by the PCM to 173N
complete EGR flow.
c103 . b
122 DIFFERENTIAL £123 KNOGK - ’
= e — ammy THROTTLE SENSOR o7 1] PK/EK
FEEDEETE EGR F'CISITIDN {KS) A
[OPFE) SENSOR % — C109
12w B 12 FROM G150 TANSTER
Lles =le PAGE 23-7 T
352 BNILG 5136 L I
=1 i L sl
=@ 359 {1 GYIRD
ENMWH BHWH M DGAT 30 YERD 169
I51H BMAWH I55 0 GYAWH
C120M C172F
351 | ENAWH m m
TO S50 351 GYMWH
~ ® 5137 !
- A —— 1426 | PK
~ PAGE 23-7 BKAWH M foeNT 3100 YERD
35z|) BH/LG 351 BMAWH c174
r_ss a0 g 32 &7 a1 - 3 POWERTRAIN
I SOLID STATE WODILE [P CM)
- —————r—— - Creien |

As the resistance varies according to accelerator pedal angle, the PCM applies vdtage
to this sensor and then measures the voltage drop to help calculate fuel delivary.
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Magnetic Pickup Sensor

VRS
Variable reluctance
Produces its own
voltage (AC)
Components:
B Exciter wheel
——— " v B VRS sensor
mre |1 2 )7 Used to relay
e rotational speed.
/V
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Magnetic Pickup Sensor
VRS

Permanent magnet

e Uses electromagnetic
magretc |V & properties to produce
/‘i its AC signal.
As the ferrous material
e enters the magnetic
field it produces a
PermanentmagnetL — |ta e.
I =l positive voltag
agrc Yy | As the ferrous material
e exits the field it

e Timing disk prOduceS a negatlve
voltage.
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Magnetic Pickup Sensor

VRS

(9F533) (9F593) (IAC) valve
151-4 151-4 (9FT15)
t — 75 BKIYE 5 151-4 I15-R53 | .75 BHAWH
10 c1ie 1 c1183 2 C1066 a '————5— 1010
318-RL10 | .75 BAWH a1s-8L12 | 7sEKEU 2IS-RL12 | 7SBRIOG 315-RLA | 7S BRYE I Seepage
N T B D 11 | c1o10 10-3
£ G103
o N 2 ey 83 . _ B C175s
| S T S +—a | Powertrain Con-
| / / /. N g | ol Module
| 1 l I_ l l | (pcwm) (12A850)
| VREF + | 15127
| |
' :
| CHP - =
(R — EEy S S . ..oy 4
_______________ - —— e o
Ba 21 22 57 a7 | c17s
5-BBE § .75 WH B-FJd4 | .75 WHRD #-RJ18 | .75 WHEBK
a2 g-RJa | 75 BNRD g-RJ18 | 75 BNYE
c211e _ — _ —_
7 q_=>=<_>o _>xX_
4 )| ca2s7
2 4 ci018 1
P =2 = 7 Clutch pedal '————J E— 8 _ 12} ciote
| 41,2 position switch — _ Sends signal to PCM to
| e” | 1} Cluteh pedal — — ol atjust iming, to contro
| N EPR— depressed C - x — __} angine knock.
5 | cas7 2) Clutch pedal [ 3 Y cioe
9-886 || .75 BN released 2zl 1] cm C1o8
31-3 Crankshaft Knock sensor
Used i identify change in position sensor |_ | (12A698)
Seepage | Crankshall retalional sped - e (6C315) gl 151-4
24-4 o indicate cylinder misfire. 1594
Focus '04
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Magnetic Pickup Sensor
VRS

O The CKP and CMP
sensor for engine
operation has a
shielding over the
wiring to the PCM.

[0 This shielding is
required to prevent
any EMI
(electromagnetic
interference) from
being induced into the
wiring.

Ford ASSET AUMT 2311 Electronics



Oxygen Sensors
Lambda sensor
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Oxygen Sensors
Lambda sensor

Used to measure

relative oxygen
content in exhaust
stream.

This content
directly relates to

PLATINUM CONDUCTOR

_ OF ZIRGONIA SENSOR. the air/fuel mixture
Jore used in the engine.
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Oxygen Sensors
Lambda sensor

zirconia R
high-pressure
~ sedl

A } .
outside air

T housing

AN
.

oy
interior platinum electrode
(for outside air) .

“exhaust manifold
platinum elecirode

(for exhaust) E1997 Encuslopasdis Britannics, In, .

Components:

Zirconia ceramic
element

Heating element
Housing

Sensor shield
(inner/outer)

Case seal
Wire seal
Wiring
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Oxygen Sensors
Lambda sensor

[0 The difference in the amount
of oxygen from inside to
outside and the heat creates
a voltage.

[0 Which condition has more
oxngn remaining in the
exhaust?

B [ean
B Rich

=AU AT ) [0 Which condition has less

Y N 4 oxngn remaining in the

exhaust?

B [ean

B Rich

o "
=

Zirconia « et
Electrolyte
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Oxygen Sensors
Lambda sensor

[0 The difference in the amount
of oxygen from inside to
outside and the heat creates
a voltage.

[0 Which condition has more
oxngn remaining in the
exhaust?

B Lean
B Rich

=AU AT ) [0 Which condition has less

Y N 4 oxngn remaining in the

exhaust?

B [ean

B Rich

o "
=

Zirconia « et
Electrolyte
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Oxygen Sensors
Lambda sensor

[0 The difference in the amount
of oxygen from inside to
outside and the heat creates
a voltage.

[0 Which condition has more
oxngn remaining in the
exhaust?

B Lean
B Rich

=AU AT ) [0 Which condition has less

Y N 4 oxngn remaining in the

exhaust?

B [ean

B Rich

o "
=

Zirconia « et
Electrolyte
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Frequency Generator

[0 A sensor that is used

O
O

to monitor the
atmospheric or
manifold pressure for
engine operations.

This sensor supplies a
O or 5 volt signal
which changes many
times a second.

I supplies a frequency
signal that relates to
manifold vacuum.

Idle= low frequency
WOT= high frequency
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Frequency Generator

FREQUENCY GENERATOR SENSOR CIRCUIT

VARIABLE

V REF

CAPACITOR } z

SIGNAL

FREQUENCY
GENERATOR

GROUND

MAP SENSOR

VOLTAGE

REGULATOR
LIMITING
RESISTOR

'FREQUENCY TO
VOLTAGE CONVERTOR

2

CONTROL MODULE

The variable
capacitor is acted
upon by the
pressure from the
system.

The frequency
generator then
changes its signal
based on the
variable
capacitance.
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Wave

0 A signal with a gradual
increase or decrease
which may repeat over

— time.

VOLTAGE SLOPE (TOP) AC Vg;!.-JAGE

N PR o [0 Components:
Positive slope
Negative slope
Peak

Valley

Cycle

Period

s — — o . — o— — — —

-5V

VALLEY
(BOTTOM)

NEGATIVE AC VOLTAGE

AC OR ALTERNATING CURRENT
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Frequency

How many times a
signal cycles within
one second.
Measured in Hertz
(Hz).

Measured with:

B DVOM Hz setting

B Analog oscilloscope
B Digital oscilloscope
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Hertz

"
400 _BOO
Figure 1.1 3 Hz signal

0 00, 600 300 1000
Figure 1.2 10 Hz signal

400 R0 200 1000
Figure 1.3 30 Hz signal
THE WAVELET TUTORIAL. All Rights Reserved, Robi Polikar, Ames, Iowa, 1996

1
Il
3
il

200
[SpERR

To determine Hz:

B Count number of
times signal cycles.

B Measure period of a
cycle and divide
into 1

B Use DVOM Hz
setting and
measure.
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Hall Effect Device.

A device which
digitally indicates

? speed and position

of a rotating
component.

N \ 2 Components:
B B Hall element
7 Schmitt trigger
Amplifier

Vane
Magnet

—1— CONTROL

- MODULE
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CLOSED

VR

%m

lurb = f

T

—

HALL EFFECT DEVICE

1

+ 12V

3
W OF:EN

M
NO VOLTAGE

CONTROL MODULE

VR

=
J!» L

N

ol e

HALL EFFECT DEVICE

M
VOLTAGE

CONTROL MODULE

Hall Effect Device

[0 Internal to the Hall Effect
Device:

The hall element is
acted upon by the
ferrous exciter, this
interaction creates an
analog dc signal.

The analog dc signal is
then converted to digital
by the Schmitt trigger.
It has trigger voltages
that when they are
reached the trigger
turns on or off.

The ST then applies
voltage to a NPN which
applies ground to a
sensor circuit.
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Hall Effect Device

SEET, | RPN | JET The normal analog
DC signal is kept

| internal to the
ﬂ Sensor.
- The Schmitt trigger
switches on and off
at set points within
the slopes of the

Gz G S A E NG N ana|og DC signal_

Milliseconds
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“3 PicoScope
“g File Edit Settings ‘iew Window Automokive  Help

sJLD] xS ~| 1~ afisv  ~l[pc+|jot ~|Blor  ~|[ac +|]oi

HALL EFFECT
1 1 ]

3 4 5 b 7

ch A: Frequency[Hz] b42.4
Crankshaft Sensor [Hall Effect)
Pico Technology Library of waveforms at www.picotech.comfauto/

Waiting for ADC Triggerlhlune jl jl ~|fjo-0 $|‘~.-r
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“3 PicoScope
"1;! File Edit Settings ‘Wiew indow Automokive  Help

SJLIG] PIXEREma - < A=y lJac <] Jon <]ajon

NOT A HALL EFFECT

40 b0 a0 100 120 140 160

Inductive Crankshaft Sensor
Pico Technology library of waveforms at www.picotech.comjautof

Waiting for ADC ~ Trigger II"nIunt: j I j I j $|m'1-f'
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“3 PicoScope
"'q File Edit Settings Wiew indow Automotive  Help

‘.||_|@|x| v||x1 | Ajs20v ~||pc ~||off ~| B|+20 v

¥ x=-bb92|1s,0=-2b6.82ms,x0=-20.13ms
20 9 *
| |
| |

16
CMP vs. CKP

mnnnnm“nn

T

10 20 30 40

Waiting for ADC  Trigger |Repeat | |ch B ~| [Rising +| Smy
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Hall Effect Device

rousts M The hall device
FROMS154 311 - | § 13| ToweTow I h

S © |§ w2 uses only three

REVSED wires. No VREF
= i S
i |m— Circuits:

SENSOR '
= | B 391 = 12 volts

m /95 = Hall Signal

=
= — et m 570 = Ground
| H‘Et!w BOX
.

C120F I
| M-

321 | GY/IWH

é
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Hot Wire sensor

[0 Used to measure the
density of the incoming
air to the engine.

00 One wire within the MAF
INTERNAL SIJ;’ZP\:.Y IS heated to @.300 F and
ELECTRONICS | | gianat the other wire is a
RETURK sensor. The
microprocessor uses the
Wike WiRE VOLTMETER sensor wire to maintain
CIRCUIT CIRCUIT .
i the hot wire
- —GROUND ——— temperature. The greater
the milliamps the denser
TyP%TSVEwSEéR CONTROL MODULE the air.
[0 The MAF then conditions

the signal to a 0 to 5 volt
input to the PCM
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Hot Wire Sensor

Circuits
m 12 volts

e T B Ground
SIGNAL — H S|gna|

A C D B SIGNAL—
RETURN

HOT WIRE- & [] Slg nal return

TYPE SENSOR R, WIRE

Some MAF sensors
P have six circuits
drotns due to the

including of the IAT
in the assembly.
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Hot Wire Sensor

Barometric pressure can be indirectly
measured via a hot wire sensor.

Initial key on event. The sensor heats up to
300° then meters the density of the air.
How much amperage it requires to maintain
temp. In addition to the MAF the PCM uses
the IAT reading for air temperature to
calculate the approximate value for
Barometric pressure.

Some sensors may also monitor the ramp
up of amperage to heat the wire instead of
maintaining the temp.
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